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NUMERICAL EXPERIMENTS OF CLOUD SEEDING AMING TO EVALUATE
AND VERIFY ITS MITIGATING EFFECT ON TORRENTIAL RAINS AND
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The current study conducted numerical experiments using nonhydrostatic mesoscale meteorolog-
ical model to evaluate and verify the mitigating eﬀect of weather modiﬁcation by cloud seeding
on torrential rains. Results show that rainfall area and hourly rainfall, as well as maximum areal
rainfall, can be decreased by cloud seeding, depending on the condition of its implementation, and
that the number of cases with rainfall mitigation tends to be greater than that with rainfall promo-
tion. It was also clariﬁed that rainfall mitigation by cloud seeding can be attributed to the leeward
migration and/or diﬀusion of precipitation particles with excessive increase of ice crystals in upper
layers of the atmosphere.
Key Words : cloud seeding, torrential rain, weather modification
1. ????
???????????????????????
????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
??????????????????????1940
????????????????????????
?????????????????????????
????????????????????? 40??
??? 100???????????????????
???1)?????????????????????
?????????????????????????
????????????????????????
???????????????????????????
????????????
???????????????????????
????????????????????????
?????????????????????? 0?
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????0???????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????2)?
???????????????????????
????????????????????????
????????????????????????
?2)3)??????????????????????
????????????????????????
????????????????????????
???????????????????????4)?
???5)????????????????????
????????????????????????
????????????????????????
??????????????????????2012
??? 2013???????????????????
????????????????????????
???????????????????6)?
????????1990??????????????
?????????????????????????
?????????????????????????
?????????????Bruintjes?7)?Silverman
?8)???????????????????????
????????????????????????
?????????????????????????
????????????????????????
Hosei University Repository
???
?
???
?a??? 1
???
??
??
?b??? 2
?-1 ?????Domain4????????
????????1)?
???????9)???????? MM5 ????
????????????????????????
?????????????????????????
??????????????????10)?????
????????????????????????
?????????????????????????
????????????????????????
??????????????????????
???????????????????????
?????????????????????MM5?
WRF ?????????????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????????WRF???????
??????????
2. ????????????
(1) ???????????????
WRF?Weather Research and Forecasting Model?
?????????????????????????
?????????????????????????
?????????????????????????
????????11)?????????? 6?????
?????????????????????????
?????????????????????????
?????????Morrison double-moment Scheme
????12)???????????????????
???????????????MYJ PBL?????
?? RRTM Scheme?longwave?? Goddard Scheme
?shortwave???????????????????
Noah Land Surface Model?????11)?
????????4?????????????27km
?Domain1??9 km?Domain2??3km?Domain3??
1km?Domain4??????2-way ????????
????????????????????????
????????????????????????
???????Domain1?????? Grell-3???
??11)????????? 50? 50?Domain1??52
? 52?Domain2??70? 70?Domain3??121? 121
?Domain4?????
(2) ?????????????????
???????????????????????
????????????????????????
???9)?????????????????????
???????????10)????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????? 6??????????
??????????????? 2000? 9? 11??
??????????????????? 2009? 7?
24???????????????????????
??? 1??????????? 2?????? 1??
?? 14?????????????????????
????????????????????????
? 2??????????????????????
??????????
?????????????????NCEP????
???????????????????? 30km??
??????????????FNL?????????
3??????????????? 12????????
??????????????USGS?U.S.Geological
Survey?????? ·?? 30 ??? 0.925 km???
?????DEM????GTOPO30????????
?????Domain4??????????????-1
???.
3. ??????????????????
???????
(1) ???????????
???????????????????????
?????????????????????9)???
?13)??????????????????????
????????????????????????
????????????????????????
???????????????????? Fletcher?
?????????????
nc = 10−2 exp(0.6(273.15− T ))/ρ (1)
????nc ?????????kg−1??T ???
Hosei University Repository
????
?a??? 1
?????
?b??? 2
?-2 12????????mm?????????????
???????????????? A?????? B?
????? C)
 0
 2
 4
 6
 8
 10
 12
 14
 16
 0  2  4  6  8  10  12
av
er
ag
e 
ra
in
 (m
m
)
time (h)
average rain
(a) ?? 1 ??? A
 0
 2
 4
 6
 8
 10
 12
 0  2  4  6  8  10  12
av
er
ag
e 
ra
in
 (m
m
)
time (h)
average rain
(b) ?? 2 ??? B
?-3 ??????? (mm)??????????????
???????? X?????? Y?
?k??ρ ???????kg/m3???????????
????????????13)???? 103 ??106 ?
?????????????????????????
?????????? 109????????????
(2) ???????????
???????-2????? A?????????
???????B??????????????????
?? C??????????????????????
? 3??????????????????????
?????????????????????????
?????????????0???????????
????????????????????????
?????????? 5?????????????
?????? 1?5??????. ?????????
?????????????????????????
????????????????????????
? 2????? X?????????? 2?????
Y???????????? 1??? A??????
????????? 2??? B??????????
????-3???????????????1???
??? 30????????????????????
?????????????????? Case-0???
?? A???X???????????Case-A-X-3?
????.
(3) ????????????????????
?????12?????????????????
????????????????????????
-10
-5
 0
 5
 10
 5500  6000  6500  7000  7500  8000  8500  
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseA
(a) ?? 1 ? Case-A-X
-10
-5
 0
 5
 10
 5500  6000  6500  7000  7500  8000  8500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseC
(b) ?? 1 ? Case-C-X
-10
-5
 0
 5
 10
 5000  5500  6000  6500  7000  7500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseA
(c) ?? 2 ? Case-A-X
-10
-5
 0
 5
 10
 5000  5500  6000  6500  7000  7500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseC
(d) ?? 2 ? Case-C-X
?-4 ????????????? 12?????????
?? (?)????
-10
-5
 0
 5
 10
 5500  6000  6500  7000  7500  8000  8500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseA
(a) ?? 1 ? Case-A-X
-10
-5
 0
 5
 10
 5500  6000  6500  7000  7500  8000  8500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseC
(b) ?? 1 ? Case-C-X
-10
-5
 0
 5
 10
 5000  5500  6000  6500  7000  7500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseA
(c) ?? 2 ? Case-A-X
-10
-5
 0
 5
 10
 5000  5500  6000  6500  7000  7500
ch
an
ge
 ra
te
 (%
)
 height (m) 
CaseC
(d) ?? 2 ? Case-C-X
?-5 ????????????? 12?????????
?? (?)????
????????????????????????
?????????????????-2??????
?????????????????????????
A????? C?????????????????
????????????????????????
???-4????????????????????
??????????-5?????????????
????????????????????????
????????????????????????
? −1?+4?????????????????−10
?+6??????????
??????????????????????-1
?????????????? 3?????????
?????????????? 1?? 5?????? 2
?? 0????????????????? 1?? 10
?????? 2?? 13??????????????
????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
???? B???????????????????
Hosei University Repository
?-1 ??????????????????????????????????????? 1?????? 2?????? 3?
????? 4?????? 5?
?? ?? A ?? B ?? C
?? 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
?? 1 ?? X 0.1 -3.6 4.2 1.5 -4.6 -9.5 -1.6 2.1 0.7 3.9 -1.7 -4.5 6.3 -1.7 -4.7
?? Y -3.7 -1.0 -2.4 -5.4 0.2 -0.5 6.2 6.3 -3.7 -2.3 -3.1 0.4 -1.0 -3.4 -0.7
?? 2 ?? X -5.2 -3.3 -3.7 -5.4 -4.6 -5.2 -3.3 -6.0 -4.9 -4.1 -5.9 -2.0 -1.9 -5.4 -5.9
?? Y -2.3 0.9 -1.1 -0.5 -1.0 0.0 0.0 0.1 0.0 0.0 -0.1 0.0 0.0 -0.5 -0.1
-20
-15
-10
-5
 0
 5
 10
 15
 20
270-225-270180-225
gr
id
 c
ou
nt
 
 12hour sumrain (mm)
5800m
6500m
7000m
7700m
8400m
?a??? 1 ? Case-A-X
-20
-15
-10
-5
 0
 5
 10
 15
 20
300-250-300200-250
gr
id
 c
ou
nt
 
 12hour sumrain (mm)
5200m
5700m
6200m
6800m
7400m
?b??? 2 ? Case-B-X
?-6 12 ??????????????????????
?????????????????????????
??????????
???????????????? 1??? 2????
???? X???????????????????
??????? 2??? X????????????
????????????????????????
??????????? X????????????
????????????????????????
???????
(4) ????????????????
???12????????????????????
?????????????????????????
???????????????????-2?????
A????????????????????????
????????????1??????? 1km2???
????????????????????????
?????? 1? Case-A-X?? 5??????-6?a?
????????????????????????
?? 2? Case-B-X?? 5??????-6?b?????
????????????????????????
???????-6?a???????????????
?????????? 12???????? 270mm?
????????????????????????
??????????? 225mm?? 270mm????
?????????????????????????
 0
 5
 10
 15
 20
 25
 30
 70  75  80  85  90  95  100  105
gr
id
 c
ou
nt
1hour-rain(mm)
Case0
A-X-3
?a?Case-A-X-3
 0
 5
 10
 15
 20
 25
 30
 70  75  80  85  90  95  100  105
gr
id
 c
ou
nt
1hour-rain(mm)
Case0
B-X-3
?b?Case-B-X-3
 0
 5
 10
 15
 20
 25
 30
 70  75  80  85  90  95  100  105
gr
id
 c
ou
nt
1hour-rain(mm)
Case0
B-X-1
?c?Case-B-X-1
 0
 5
 10
 15
 20
 25
 30
 70  75  80  85  90  95  100  105
gr
id
 c
ou
nt
1hour-rain(mm)
Case0
C-Y-4
?d?Case-C-Y-4
?-7 ?? 1 ??????????????? Case-0??
??????????
????????????????????????
????????????? 270mm????????
?????????????????????????
???????????? 1? 270mm???????
?? Case-0????????? −100.0?+66.7??
???????????+0.3???????????
????????????????????????
????????????????????????
???????????????-6?b???????
??????????????? 300mm??????
????????????????????????
??????????????? 2????????
? 300mm????????? Case-0???????
??−100?+71.4?????????????−37.1
???????????????????????
(5) ??????????????????????
????????????????????????
?????????????????????????
?????????????????????????
????? 12??????????????????
??????????? 1?Case-A-X-3?Case-B-X-
3??-7?a??b????????????Case-B-X-1
?Case-C-Y-4??-7?c??d????????????
?????????????? 105mm ??????
???????? Case-0?????????????
Hosei University Repository
?a??? 8:10 ?b??? 8:40
?-8 ?? 1 ? Case-A-Y-4 ???? 450hPa ?? 250hPa
???????kg−1)????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
???????????????c?? d??????
?????????? 95mm???????????
??????????????????
???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
???????
4. ??????????????????
??????
???????????????????????
????? 1?Case-A-Y-4????????????
? 1?Case-B-Y-2????????????????
????????????????????????
????Case-A-Y-4?????????? 450hPa?
? 250hPa????????????????????
????? 10?????????????-8?a???
???????????? 40???????????
??-8?b??????????????????? 8
??? 10???????????????
??????????????? 10??? 40??
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????????????-9?????
???? 8:00?a???? 8:40?b?????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????? Case-A-Y-4
?????
?????
?????
?????
?a??? 8:10
?????
?????
?????
?????
?b??? 8:40
?-9 ?? 1? Case-A-Y-4??????????kg−1??
?????
-1e+06
 0
 1e+06
 2e+06
 3e+06
 4e+06
 5e+06
 6e+06
 4  5  6  7  8  9  10  11  12di
ffe
re
nc
e 
in
 n
um
be
r c
on
ce
nt
ra
tio
n(k
g-1
)
time (h)
5200
6500
8000
9500
(a)Case-A-Y-4
-1e+06
 0
 1e+06
 2e+06
 3e+06
 4e+06
 5e+06
 6e+06
 4  5  6  7  8  9  10  11  12di
ffe
re
nc
e 
in
 n
um
be
r c
on
ce
nt
ra
tio
n(k
g-1
)
time (h)
5200
6500
8000
9500
(b)Case-B-Y-2
?-10 ?? 1 ????????????????kg−1) ?
??????Case-0??????????
-1500
-1000
-500
 0
 500
 1000
 1500
 2000
 2500
 3000
 4  5  6  7  8  9  10  11  12di
ffe
re
nc
e 
in
 n
um
be
r c
on
ce
nt
ra
tio
n(k
g-1
)
time (h)
5200
6500
8000
9500
(a)Case-A-Y-4
-1500
-1000
-500
 0
 500
 1000
 1500
 2000
 2500
 3000
 4  5  6  7  8  9  10  11  12di
ffe
re
nc
e 
in
 n
um
be
r c
on
ce
nt
ra
tio
n(k
g-1
)
time (h)
5200
6500
8000
9500
(b)Case-B-Y-2
?-11 ?? 1 ???????????????kg−1) ??
?????Case-0??????????
-0.1
-0.05
 0
 0.05
 0.1
 0.15
 0.2
 0.25
 2  4  6  8  10  12d
iff
er
en
ce
 z
-w
in
d 
co
m
po
ne
nt
 (m
 s-
1)
time (h)
5200
6500
8000
9500
(a)Case-A-Y-4
-0.1
-0.05
 0
 0.05
 0.1
 0.15
 0.2
 0.25
 2  4  6  8  10  12d
iff
er
en
ce
 z
-w
in
d 
co
m
po
ne
nt
 (m
 s-
1)
time (h)
5200
6500
8000
9500
(b)Case-B-Y-2
?-12 ?? 1??????????????ms−1)???
????Case-0??????????
??Case-0?? 450hPa?? 250hPa???????
???? 6.5????????. ?? Case-0????
??????????Case-A-Y-4?????????
????????????????????????
????????????????????????
?????????????????????
???????????????????????
??-10?????????????-11??????
????????????????????a????
Hosei University Repository
?-2 ??????????????????????????????????????????????? 1??????
2?????? 3?????? 4?????? 5?
?? ?? A ?? B ?? C
?? 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
?? 1 ??W -4.2 -3.8 5.2 -1.8 0.0 -7.0 5.4 2.6 -2.0 -2.2 3.4 -13.0 3.4 -9.4 0.0
?? V -9.8 -5.3 -2.4 -1.9 -11.2 -3.4 -15.3 2.3 -6.8 -2.8 -15.6 -9.8 7.7 -6.1 -2.8
?? 2 ??W -4.3 -4.5 -6.5 -3.5 -6.6 0.0 -2.2 -4.2 -6.3 -5.7 -6.5 -2.2 -4.7 -5.9 -6.3
?? V -2.5 -5.9 -5.7 -3.0 -3.3 -0.1 -11.9 -0.3 -8.8 -7.1 -6.8 -3.6 -7.1 -3.7 -8.7
-30
-20
-10
 0
 10
 20
 30
270-225-270180-225
gr
id
 c
ou
nt
 
 12hour sumrain (mm)
5800m
6200m
6600m
7000m
7700m
?a??? 1 ? Case-A-V
-30
-20
-10
 0
 10
 20
 30
300-250-300200-250
gr
id
 c
ou
nt
 
 12hour sumrain (mm)
5200m
5700m
6200m
6800m
7400m
?b??? 2 ? Case-C-W
?-13 ????????????????? 12?????
???????????????????????
????????????????????????
?????
????????b????????????????
?????a????????? 0?????????
??????????????????????b??
??????a?????????????? 0???
? 105??????????????????????
?????????????a??????????b?
?????????????????
???????????????????????
????????-12?a????????????-12
?b????????????????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?Case0??? 2:00 ?Case0??? 2:40
?Case-B-V-2??? 2:00 ?Case-B-V-2??? 2:40
?-14 ??????????????????? 1? 450hPa
?? 250hPa???????kg−1????? (???
Case0???? Case-B-V-2?
????????????????????????
????????????????????????
????????????????????????
?????????????????????
5. ??????????????????
????
(1) ???????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????????????? 1?????
?W?? 2?????? V????????????
????????????????????????
??????? 3????????????????
?? 1????? 90???????????????
?????? B???????? 2????????
Hosei University Repository
?-15 ??????????????????? 1? Case0? Case-B-V-2????????????????????
? 8:00????????????? 8:40??????????????????????????kg−1)?
??????????????????Case-B-V-2?
?????????????????????????
????????????????????????
??? 30????????????????????
????????????????????????
????????????????????????
????????????????????????
(2) ??????????????????
???????????????????????
??????????????????????-2?
?????????−15.6?+7.7??????????
?????????????????????????
?????????????????????????
?? 3????????????????? 1???
????????????? 16??????????
43???????? 2??????????? 0??
???????? 70????????
????????????????????????
?????????????????????????
????? 1? Case-A-V?? 5??????-13?a?
???? 2?Case-C-W?? 5??????-13?b??
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????????????
???? 1????????? 270mm???????
?? Case-0????????? −100.0?+91.7??
??????????? −25.0??????????
? 2????????? 300mm?????????
Case-0?????????−100.0?+14.3?????
???????? −68.7?????????????
????????????????????????
????????????????????????
???????????
???????????????????????
????????????????????????
???????????Case-B-V-2????????
????????
(3) ????????????
????????????????? 450hPa ??
250hPa????????????? Case-0? Case-
B-V-2?????-14???????????????
????????????????????????
???????????????????Case0???
?????????????????-14?Case0??
?????????????????????????
????????????????????????
????-14?Case-B-V-2?????????????
????????????????????????
?????????????????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
????????
???????????? Case0? Case-B-V-2?
????????-15? 1???????????8:00?
Hosei University Repository
8:40??????????????????????
?????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????? Case0? Case-B-V-2????????-15
? 2???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
????????????????????????
???????????????
???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
6. ???
????????????????????????
???????????MM5?WRF???????
????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
???????????????12???????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
???? 2???????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????
???????????????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
????????????????????????
???????????????????????
???????? 30???????????????
?????????????????????????
????????????????????????
????????????????????????
??????????
???????????????????????
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
????
1) ?????? 8?WMO??????????????
??????50(9)?pp.715-720?2003?
2) ??????????????????????????
????????????????????2012?
3) ??????????????????????????
?????????????????????????
?????????????? 6 ??????????
?????pp.687-692?2002?
4) ??????????????????????????
??????????????????????????
???http://jcsepa.mri-jma.go.jp/index.html?
5) ?????? 36??????????????????
???????59(8) ,pp737-743?2012.
6) Taichi Maki, Osamu Morita, Yoshinori Suzuki and
Kenji Wakimizu: Artiﬁcial Rainfall Technique Based
on the Aircraft Seeding of Liquid Carbon Dioxide near
Miyake and Mikura Islands, Tokyo, Japan. J. Agric.
Meterol., 69(3), 147-157, 2013.
7) Bruintjes?R?T??A review of cloud seeding ex-
periments to enhance precipitation and some new
prospects?Bull?Amer?Meteor?Soc.?80?pp805-820?
1999?
8) Silverman?B?A??A critical assessment of hygroscopic
seeding of convective clouds for rainfall enhancement?
Bull?Amer?Meteor?Soc?,84?pp1219-1230?2003?
9) ??????????????????????????
??????????????????????????
?????? B1(???) Vol.68, No.4, I391-I396, 2012.
10) ???????????????1998????????
?????????????, ? 44?, pp.109-114, 2000.
11) Wang?W., C?Bruyere?D?Michael?D?Jimy?G?
Dave?L?Hui-Chuan?M?John?R?Syed and Z?Xin?
WRF version3 modeling system user’s guide junuary
2012.
12) Morrison, h., J?A?Curry?V?I?Khvorostyanov?
A new double-moment microphsics parameteriza-
tion for Application in Cloud and Climate Models.
PartI:Description?J?Atmos?Sci.?62?pp1665-1677?
2005?
13) ?????????????????????????
?????????????????????????
??????? 48??pp.207-221?2005?
Hosei University Repository
